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nitride films
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Even though the great interest in studying the near-infrared light emission due to Er3þ ions
for telecommunication purposes, efficient visible radiation can be achieved from many different
rare-earth (RE) ions. In fact, visible and/or near-infrared light emission takes place in RE-doped wide
bandgap semiconductors following either photon or electron excitation, suggesting their technological
potential in devices such as light-emitting diodes (LED’s) and flat-panel displays, for example. Taking
into consideration these aspects, the present contribution reports on the investigation of AlN, BeN,
GeN, and SiN thin films doped with samarium. The samples were prepared by sputtering and as a
result of the deposition method and conditions they present an amorphous structure and Sm
concentrations in the low 0.5 at. %. After deposition, the samples were submitted to thermal annealing
treatments and investigated by different spectroscopic techniques. A detailed examination of the
experimental data allowed to identify optical transitions due to Sm3þ and Sm2þ ions as well as
differences in their mechanisms of photon excitation and recombination. Moreover, it is shown that the
Sm-related spectral features and emission intensity are susceptible, respectively, to the atomic
environment the Sm3þ/Sm2þ ions experience and to the presence of non-radiative recombination
centers.VC 2012 American Institute of Physics. [http://dx.doi.org/10.1063/1.4729911]
I. INTRODUCTION
Much of the current expertise involving optical applica-
tions and devices was possible only due to basic and applied
research concerning the unique properties of elements such
as rare-earth (RE) ions. Actually, whether the main device
functions require specific sharp (or broad) optical transitions,
long (or short) recombination lifetimes, etc., in principle,
they can be achieved with the proper RE–matrix combina-
tion. However, despite the relative simplicity associated with
the RE3þ-related intra-4f (or RE2þ-related 4f4f5d) transi-
tions, interaction between the RE ions and the electronic
states of the host material always takes place: either enhanc-
ing or inhibiting the desired RE-related property.1–3 There-
fore, developing a complete picture of RE ions in different
solid hosts is essential to understand their electronic states
and how they affect the material properties.
To date, the RE-semiconductor system has been of spe-
cial importance because of two main reasons: (a) its potential
to combine sharp, temperature stable, RE-related light emis-
sion with the convenience of electrical excitation via the semi-
conductor host4 and (b) in the specific case of Er-doped
semiconductor compounds, the coincidence of the 4I13/2 !
4I15/2 transition at 1540 nm with the minimum loss region
of the optical fibers used in telecommunications.5 Neverthe-
less, progress towards practical devices based on the
RE-semiconductor system has been postponed due to its low
efficiency at room-temperature.5,6 This shortcoming can be
partially circumvented in wide bandgap semiconductors
which, in addition, allow the achievement of light emission in
the VIS spectral range.7 In any case, further progress in this
area relies on the mastering of RE centers in different hosts
and associated mechanisms of energy transfer.
To improve the current knowledge of the RE-
semiconductor system as well as to provide new information
of practical importance for technological applications, this
work reports on the systematic investigation of samarium
ions when inserted in four distinct nitride hosts. Accordingly,
the effect of different atomic-electronic environments on the
Sm-related light emission as well as the energy transfer proc-
esses involved is presented and discussed in detail.
II. EXPERIMENTAL DETAILS
Thin films of AlN, BeN, GeN, and SiN were prepared
by radio frequency (13.56 MHz) sputtering solid Al, Be, Ge,
and Si targets in an atmosphere of pure N2. The films, either
100 or 500 nm thick (see Table I), were deposited onto
crystalline silicon and quartz substrates and the doping with
samarium was achieved by partially covering the solid tar-
gets with suitable pieces of Sm metal. This is a well-
established method to prepare doped (or alloyed) amorphous
thin films rendering rather stable and homogeneous com-
pounds.8 Based on the sputtering yield and on the relative
area occupied by Sm its atomic concentration was estimated
to be in the low 0.5 at. %.9 After deposition, the films were
submitted to cumulative thermal annealing (TA) up to
1000 C (Table I) under a continuous flow of argon. The
films were investigated by optical transmission in the
UV-VIS-NIR spectral range, and VIS photoluminescence
(PL) as a function of temperature.
The UV-VIS-NIR optical transmission measurements
were carried out, at room-temperature, on films deposited on
quartz substrates, which are highly transparent in the
200–2000 nm wavelength range. The PL measurements
employed Arþ-ion laser radiation (488.0 nm photons) and were
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conducted in the 80–600K (190–300 C) temperature
range. Raman scattering was also performed to probe the
atomic structure of the films—as-deposited (ad) and after TA.
Except for the SiN films in which the Raman spectra were
taken from films onto quartz, both Raman and PL experiments
considered films deposited on crystalline silicon substrates. By
adopting this procedure it is possible to clearly distinguish
between the contributions from the films and the substrates.
III. EXPERIMENTAL RESULTS
Standard thin film analysis of the UV-VIS-NIR optical
transmission spectra (not shown) provided the thickness,
absorption coefficients, and bandgap values of the sam-
ples.10,11 The results indicate that the samples present thick-
nesses of 100 nm or 500 nm, which are in accord with the
values obtained, during deposition, by a quartz crystal moni-
tor. As the samples are annealed at increasing temperatures,
small variations can be verified in the sample thicknesses
(25 nm), but the most important changes occur in the opti-
cal absorption edge and bandgap of the samples.
As already verified in similar RE-doped amorphous
films11–13 thermal annealing at increasing temperatures indu-
ces some blueshift and increases the steepness of the optical
absorption edge. Such enhancement of the optical properties
can be attributed to the diffusion of atomic nitrogen, to some
structural reordering (not necessarily crystallization), or to a
combination of them.11,12,14 In fact, the Raman spectra (not
shown) indicate that the AlN, BeN, and SiN films are amor-
phous, with no clear signs of crystalline structures even after
annealing at temperatures as high as 1000 C. However, it is
important to mention that the Raman data do not rule out the
presence of micro- or nanostructures inside the AlN, BeN,
and SiN films: if present, certainly, they are well below the
sensitivity provided by the technique. Indeed, detecting crys-
tallites in wide bandgap materials by means of Raman spec-
troscopy is very much limited due to the typical size (and
distribution) of the crystalline structures as well as by their
Raman activity.15 The Raman spectra of the GeN films
annealed at 750 C, on the contrary, clearly indicate the
occurrence of Ge crystallites embedded in the amorphous
GeN matrix.
Apparently, the adopted thermal treatments act essentially
improving the optical-electronic properties of the Sm-doped
AlN, BeN, and SiN films without causing substantial changes
in their atomic structure. The effect of thermal annealing on
the optical-electronic properties of the present Sm-doped films
can be seen in Figure 1 that shows the PL spectra of all films
as-deposited (ad) and after TA at the temperatures indicated
in Table I.
The most prominent features present in Fig. 1 are related
to Sm3þ ions and correspond to transitions between the 4G5/2
and the lower lying energy levels:1 6H5/2 (at 560–580 nm,
label A in Fig. 1), 6H7/2 (at 600–620 nm, label B), 6H9/2
(at 645–670 nm, label C), and 6H11/2 (at 705–735 nm,
label D). Actually, this last contribution (label D) corresponds
to the superposition of the 4G5/2 ! 6H11/2 transition due to
Sm3þ ions and the 5D0 ! 7F0, 5D0 ! 7F1, and 5D0 ! 7F2
transitions of Sm2þ. The near-infrared signal at 800–835 nm
(label E), apparent after thermal annealing the samples, is
attributed to the 5D0 ! 7F4 transition and is exclusively due
to Sm2þ ions.1 The broad PL background extending towards
the near-infrared region, more intense in the samples as-
deposited (Fig. 1), is attributed to the amorphous matrix. Still
related to Fig. 1, it is interesting to notice, in most of the PL
signals identified above, the presence of sharp lines in associa-
tion with shoulders. These fine features originate from transi-
tions related to the spin-orbit splitting between the initial and
final energy states, and their relative intensities are known to
depend on the considered host.3,16
It is obvious from Fig. 1 that thermal annealing the films
can improve the Sm-related PL signal by as much as one
order of magnitude. Such behavior is consistent with the opti-
cal absorption results and indicates that, allied to some struc-
tural reordering (and/or nitrogen migration), thermal
annealing the samples suppresses the non-radiative recombi-
nation channels characteristic of the amorphous matrices. A
similar, but smaller, process occurs when the PL measure-
ments are carried out at low temperatures. In this case, the
PL enhancement is associated with a decreased lattice vibra-
tion and with the fact that RE ions are very efficient recombi-
nation centers.6 Figure 2 displays the PL spectra of the
studied samples at the following temperatures: 83, 173, 273,
373, 473, and 573K (or 190, 100, 0, 100, 200, and
300 C).
At low temperatures, in addition to the improvement of
the Sm-related PL signal (see the multiplying factors), the
spin-orbit splitting features are remarkable. Above room
temperature, the Sm-related transition E becomes better
resolved in the AlN and GeN samples, and the near-infrared
broad PL signal from the amorphous matrix develops. The
identification and position of all of these features are shown
in Table II.1
IV. DISCUSSION
During the PL measurements, exciting the samples with
488.0 nm photons promotes electrons to higher energy states:
(a) to the conduction band tails of the amorphous matrices,
(b) to the 4I energy levels of Sm3þ, or (c) to the 4f55d1 band
TABLE I. Sample identification and some experimental details: substrate temperature during deposition (Td), thickness (t), estimated Sm concentration
([Sm]], and thermal annealing conditions (in bold, the temperatures at which the strongest PL signals were obtained).
Sample Td (
C) t (nm) [Sm] (at. %) Annealing conditions
AlN 1006 10 5006 25 0.56 0.1 250þ 500þ 750þ 1000 C/15min
BeN RT 50 1256 25 0.66 0.2 250þ 500þ 750 C/30min
GeN 1006 10 5006 25 0.56 0.1 250þ 500þ 750 C/30min
SiN 1506 10 5006 25 0.56 0.1 250þ 500þ 750þ 1000 C/15min
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of the Sm2þ. In the last two cases, the excitation occurs ei-
ther quasi-resonantly—the energy of both 4I levels and the
4f5 5d1 band coincides with that provided by the 488.0 nm
photons1—or through energy transfer from the sample host.
Once excited, the electrons present in the Sm3þ ions relax to
the metastable 4G5/2 level from which they can decay to the
6H ground multiplets. For the Sm2þ ions, the electrons relax
to the 5D0 state and, then, to the
7F ground multiplets. In
both cases, involving Sm3þ and Sm2þ ions, radiative recom-
bination takes place giving rise to the spectra shown in
Figs. 1 and 2. Alternatively, the excited electrons can lose
(part or all of) their energy to the sample host. As a result,
the energy lost by the Sm3þ/Sm2þ ions can be used to stimu-
late some radiative transitions in the sample host or simply
be transformed in phonons (non-radiative transition).
Both the thermal annealing of the samples and their PL
measurements at low temperatures act favoring the radiative
recombination of the Sm3þ/Sm2þ ions. In the former, the
annealing treatments decrease the number of non-radiative
paths by improving the atomic-electronic structure of the
samples which start exhibiting stronger Sm-related light
emission (Fig. 1). In the latter case, PL at low temperatures
inhibits the occurrence of phonon-assisted processes and,
therefore, the energy transfer from the samarium ions to the
host is significantly suppressed (Fig. 2). The phenomenon is
known by temperature-induced PL quenching and is primar-
ily determined by the back-transfer energy process—from
the excited ions to the host.6
Whereas the above discussion contemplates the intensity
of the Sm-related PL signal, their spectral shape and position
need further thought.
Strictly, intra-4f transitions are forbidden by selection
rules and they only occur because of the ion–host interac-
tions.1 In fact, when RE ions are embedded into a solid host
they will be subjected to a number of effects that are absent
in the free ion. These effects, generally called crystal-field
effects, can be very complex involving interactions of elec-
tric or magnetic nature, resonance with neighboring ions,
FIG. 1. Room-temperature PL spectra of
Sm-doped nitride films as-deposited (ad)
and after TA. The spectra were normal-
ized (see the multiplying factors) and
corrected for system response. (a) AlN
(TA at 1000 C for 15min), (b) BeN (TA
at 500 C for 30min), (c) GeN (TA at
750 C for 30min), and (d) SiN (TA at
1000 C for 15min). The stars denote
contributions either from the silicon sub-
strate or the film surface: at 525 nm
(**) corresponding to the Raman signal
due to carbon bonds (at 1360 cm1 and
1590 cm1), and at 550 nm (*)
related to the Raman signal of molecular
nitrogen (at 2330 cm1).
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coupling to the lattice, etc.16,17 Crystal-field effects not only
assist the intra-4f transitions but are also behind the develop-
ment of some shifts, broadening, and variations in the spin-
orbit splitting (Stark components) typically verified in RE
ions. Therefore, different solid matrices mean different ion–
host interactions that will influence differently the RE-
related transition details and efficiency.
According to the spectroscopic notation (in which S and L
apply for the spin and orbital angular momenta, and the total
momentum J¼LþS), the number of Stark sub-levels of a
2Sþ1 LJ term is given by 2 Jþ 1.17 When only electrostatic
interactions are present, Kramer’s rule limits this number to
Jþ 1=2 if J is half-integer, and the maximum multiplicity can be
observed only under the influence of a magnetic field.16,17 The
actual number of Stark sub-levels is determined, however, by
the symmetry of the crystal-field. Based on theoretical calcula-
tions, the number of Stark sub-levels is low in highly symmetri-
cal fields and increases with decreasing the crystal-field
symmetry.1,18 Other factors to be considered, and that will
affect the shape and position of the RE-related optical transi-
tions, are the covalent character and the structure of the hosts.16
In the former, a high covalency suggests a weak electron inter-
action with the consequent redshift of the transitions. In the lat-
ter case, if the covalency and/or the crystal-field experienced
by the RE-ions are not homogeneous (because of the lack of
translational symmetry, for example) the transitions will pres-
ent a considerable line broadening. This is typical of disordered
or powdered materials and is called inhomogeneous broaden-
ing, in contrast, to the homogeneous broadening caused by tem-
perature effects.3 Below room-temperature, only the lower
lying energy levels will be occupied so that the number of lines
in any RE-related emission is equivalent to the number of Stark
components of the final state. At (or above) room-temperature,
light emission involves the participation of more Stark compo-
nents rendering a comparatively broader PL signal, which pre-
vents their precise recognition. Therefore, the details of higher
lying energy components are best investigated from absorption
measurements carried out at low temperatures.
FIG. 2. PL spectra as a function of the
temperature of measurement (190,
100, 0, 100, 200, and 300 C) of Sm-
doped nitride films, after thermal anneal-
ing: (a) AlN (1000 C for 15min), (b)
BeN (500 C for 30min), (c) GeN
(750 C for 30min), and (d) SiN
(1000 C for 15min). Letters A, B, C, D,
and E stand for transitions due to Sm3þ
and/or Sm2þ ions. The spectra were cor-
rected for system response, normalized
(see the multiplying factors), and verti-
cally shifted for comparison reasons.
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The data presented in Fig. 2 and Table II are consistent
with the above discussion in the sense that: (a) different
atomic environments (or crystal-field effects), such as those
provided by the AlN, BeN, GeN, and SiN hosts give rise to
slightly different RE-related PL spectra; and (b) because of
the amorphous nature of the samples, and consequent inho-
mogeneous broadening, there was no substantial change in
the line width of the RE-related transitions as the samples
were measured at low temperatures. Furthermore, the
observed number of transition lines (at 80K and without
any fitting procedure) agrees modestly well with those
expected in perfect crystalline hosts (Table II). In this
respect, and considering that amorphous materials have the
same short-range order of their crystalline counterparts, it
was assumed that the Sm3þ/Sm2þ ions would be subject to
crystal-fields with the following symmetries: AlN (wurtzite
w-AlN, space group C46v), BeN (cubic aBe3N2, space
group T7h ), GeN (phenacite aþ bGe3N4, space group C43v
and C26h), and SiN (hexagonal aþb Si3N4, space groups
C46v, C
4
3v, and C
2
6h).
19
Part of the above discussion is illustrated in Figure 3
that compares the PL signal due to Sm ions when inserted in
different atomic environments (or subjected to different
crystal-field conditions).
Despite some broadening and the presence of a strong
background (most probably associated with the light emis-
sion due to the amorphous matrix and/or to the presence of
defects) the PL signal exhibited by BeN is very similar to
those presented by the SiN and GeN films: the line shape of
the transitions is almost the same (Fig. 3), and their energy
positions are very close (Table II). The PL spectrum corre-
sponding to the AlN film, in contrast, shows some redshift
and differences in the relative intensity of the Stark compo-
nents. These differences are tentatively related with the
covalency of the AlN host and to the lack of inversion sym-
metry typical the structures such as wurtzite.
TABLE II. Visible and near-infrared Sm3þ-related optical emission lines as observed in Sm-doped AlN, BeN, GeN, and SiN films. A, B, C, D, and E refer to
the labels present in Figures 1 and 2. The strongest signals are indicated in bold and those characteristic at low temperatures are in parentheses. Transitions
involving Sm2þ ions are denoted in Italics. Only the most evident features (without the need of fitting procedures) are reported in the table. The maximum
number of Stark components (spin-orbit splitting), as expected to take place in crystalline AlN, BeN, GeN, and SiN is displayed in the last column.
Sample Line position (6 3 nm) Transition assignment Stark components
AlN A 568 and 580
B 605, 612, and 621
C 654, 662, and (670)
D 724 and (734)
E (815) and 833
4G5/2! 6H5/2
4G5/2! 6H7/2
4G5/2! 6H9/2
4G5/2! 6H11/2 or 5D0! 7F0, 7F1, 7F2
5D0! 7F4
3
4
5
6
6
BeN A 563 and 574
B 601 and 608
C 652
D 706 and 715
E 800
4G5/2! 6H5/2
4G5/2! 6H7/2
4G5/2! 6H9/2
4G5/2! 6H11/2 or 5D0! 7F0, 7F1, 7F2
5D0! 7F4
2
3
4
4
4
GeN A 564 and 570
B 600 and 607
C 647 and 655
D 707 and (715)
E (800) and 818
4G5/2! 6H5/2
4G5/2! 6H7/2
4G5/2! 6H9/2
4G5/2! 6H11/2 or 5D0! 7F0, 7F1, 7F2
5D0! 7F4
3
4
5
6
6
SiN A 566 and 576
B 604 and 616
C 651 and 662
D 712 and 724
E 815
4G5/2! 6H5/2
4G5/2! 6H7/2
4G5/2! 6H9/2
4G5/2! 6H11/2 or 5D0! 7F0, 7F1, 7F2
5D0! 7F4
3
4
5
6
6
FIG. 3. Room-temperature PL spectra of Sm-doped films after thermal
annealing: BeN (500 C for 30min), AlN (1000 C for 15min), SiN
(1000 C for 15min), and GeN (750 C for 30min). The spectra were nor-
malized and vertically shifted for comparison reasons. Differences in the
spectra, which were corrected for system response, appear due to different
atomic environments. The corresponding spectra obtained at low tempera-
ture (190 C) are represented in gray. The vertical dotted lines are just
guides to the eye.
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Additional information concerning the excitation-
recombination mechanisms taking place in the Sm-doped
AlN, BeN, GeN, and SiN samples is given in Figure 4. The
curves correspond to the Sm-related PL intensity as obtained
in the 80–600K (190–300 C) temperature range. As can
be seen from the figures, all samples and transitions present
almost the same behavior, i.e., an emission intensity that is
rather constant at low temperature, but that is considerably
depleted (up to one order of magnitude in certain cases) as
the samples reach room or higher temperatures. The only
exception refers to the Sm-related transition at 830 nm
occurring in the AlN sample that experiences some improve-
ment at high temperature. Considering that the PL signal at
this wavelength is only due to Sm2þ ions it is possible that at
higher temperatures, the 5D0 ! 7F4 transition is favored
because of some preferential energy transfer process involv-
ing the AlN host and the Sm2þ-related 4f55d1 band. More
studies are under way to clarify this point and will be the
subject of a separate communication.
The behavior presented by the experimental data of
Fig. 4 is typical of the temperature-induced PL quenching
process so that a temperature of quenching Tq can be deter-
mined from these PL(T) curves. Following a previous inves-
tigation of Er3þ ions in different semiconducting matrices
Tq can be conveniently defined by the temperature at which
the maximum (low temperature) PL signal intensity is 5%
lower, or IPL(Tq)¼ 0.95 IPL(low-T), where IPL stands for the
PL intensity.6 In these Er-doped semiconductors, the Tq val-
ues are strongly dependent on the optical bandgap and
atomic structure of the hosts which is consistent with the
ion–host interaction details as well as with the concept of
localization of photon-generated electron-hole pairs in
recombination processes.6
The Tq values for the present Sm-doped samples, along
with their optical bandgaps (Egap), and ratio between the PL
intensity at room and lowest temperatures [IPL (RT)/IPL
(low-T)], are indicated in Table III. According to the table,
the Sm-doped BeN sample has a temperature of photolumi-
nescence quenching that takes place well below the room-
temperature (Tq¼ 1706 10K). Also, at room-temperature
its PL intensity is 30% less intense than that presented at
lower temperatures. These figures should be compared with
FIG. 4. Photoluminescence intensity as a function of temperature (190 to 300 C) after excitation with 488.0 nm. The data correspond to the visible and near-
infrared (insets) Sm-related light emission taking place in the AlN, BeN, GeN, and SiN samples. The curves were obtained following exactly the same experimen-
tal conditions and, even though the use of arbitrary units in the vertical axes, they are comparable. The solid lines joining the data points are just guides to the eye.
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those obtained from the AlN, GeN, and SiN samples which
also presented a stronger overall PL signal (see the vertical
axes of Fig. 4).
Whereas a smaller thickness can explain the compara-
tively weaker PL signal in the Sm-doped BeN sample, both
the Tq and the IPL (RT)/IPL (low-T) ratio values suggest that
the present BeN host needs further improvements. Within the
possible reasons for the poor results presented by the Sm-
doped BeN, all related to the ion–host interactions, one can
mention: an increased atomic disorder (most evident in thin-
ner films), unusual crystal-field effects provided by a cubic-
like short-range order, extensive contributions from the amor-
phous matrix involving either tail states or defects, etc.
In fact, the excitation-recombination mechanisms of the
Sm ions, or ion–host interactions, are also behind the high
PL efficiency exhibited by the GeN samples. According to
Table III, the Sm-related PL signal of the GeN sample is the
less influenced by temperature effects (Tq 2506 10K) and
its maximum intensity [IPL (low-T)] is reduced by only
10% at room-temperature. Curiously, this is in contrast
with the empirical rule that suggests that Tq scales with the
optical bandgap values.6,20
The performance of the Sm-doped GeN sample certainly
has to do with the presence of Ge crystallites in its structure
and, particularly, with the excitation-recombination mecha-
nisms associated with the Sm ions. From the structural point
of view, the development of ordered Ge–Ge bonds can act
reducing the defect density (and consequently the number of
non-radiative transitions) and/or improving the 488.0 nm
photon absorption.21 In addition to an increased photon
absorption, excited Ge crystallites can recombine by trans-
ferring their energy to nearby RE ions.22 An alternative
explanation, still related to the excitation-recombination
mechanisms of the Sm3þ/Sm2þ ions in the GeN host, should
considers the diagrams of Figure 5. The diagrams refer to the
extended electronic states present in the AlN, BeN, GeN,
and SiN hosts through their valence (VB) and conduction
(CB) bands. Besides, considering that the samples are amor-
phous, the presence of localized states is depicted by means
of horizontal lines that correspond to tail states near the VB
and the CB, and deep defects (mainly dangling bonds)
almost in the middle of the bandgap. Illuminating the sam-
ples with 488.0 nm laser radiation (represented by h in
Fig. 5) can excite electrons: from the VB to the CB (in the
amorphous matrices) or, quasi-resonantly, from the ground-
states of the Sm3þ/Sm2þ ions to their higher lying energy
levels. According to the diagrams of Fig. 5, ion–host interac-
tion takes place by the mechanisms represented by E and
BT. In the former, E stands for energy-transfer and indicates
that the Sm ions receive energy from the host. In the latter
case, BT refers to the mechanism of back-transfer in which
the opposite happens. Despite the fact that the diagrams are
only illustrative and are not in scale, the bandgap of the pres-
ent samples (Table III) and the energy involved in the Sm-
related transitions suggest that the AlN, BeN, and SiN hosts
are more susceptible to the mechanism of back-transfer than
the GeN one. In other words, assuming that the excitation of
the Sm ions is similar in all samples, the mismatch between
the Sm-related states (4I, 4G, or the 4f55d1 band) and those
characteristic of deep defects in the GeN host limits the
back-transfer mechanism to a greater extent.
V. CONCLUDING REMARKS
AlN, BeN, GeN, and SiN films doped with samarium
were prepared by sputtering in an atmosphere of pure nitro-
gen. The films were submitted to thermal treatments and
their optical and electronic properties were investigated by
means of different spectroscopic techniques. According to
Raman measurements, the AlN, BeN, and SiN films remain
amorphous even after annealing up to 1000 C. At 750 C,
the results indicate the presence of Ge crystallites embedded
in the GeN sample. Whereas it is not possible to exclude the
existence of small crystallites in the AlN, BeN, and SiN mat-
rices it is supposed that they do not play a central role in
most of the optical and electronic properties under study. All
samples presented intense room-temperature VIS-NIR light
emission due to Sm3þ and/or Sm2þ ions after excitation (ei-
ther quasi-resonantly or via the solid host) with 488.0 nm
photons. In fact, both the PL intensity and the PL fine fea-
tures (Stark splitting components) exhibited by all samples
are highly susceptible to the atomic-electronic environment
TABLE III. Sample identification, temperature of photoluminescence
quenching [when IPL(Tq)¼ 0.95 I(low-T)], PL intensity ratio IPL(RT)/IPL
(low-T), and optical bandgap (Egap) of the Sm-doped samples under consid-
eration. Tq and IPL(RT) apply for the most intense, at room-temperature, Sm-
related transitions: AlN (4G5/2! 6H9/2, at 665 nm), BeN (4G5/2! 6H7/2, at
600 nm), GeN (4G5/2 ! 6H9/2, at 645 nm), and SiN (4G5/2 ! 6H9/2, at
650 nm). Similar values can be obtained for other transitions either in the
VIS or NIR energy ranges.
Sample Tq (K) IPL (RT)/IPL (low-T) Egap (eV)
AlN 1956 10 0.79 56 1
BeN 1706 10 0.69 4.06 0.5
GeN 2506 10 0.89 3.06 0.5
SiN 1906 10 0.82 46 1
FIG. 5. Possible mechanisms involving the photon excitation and radiative
recombination of Sm3þ (or Sm2þ) ions when inserted in films of (a) GeN,
and (b) AlN, BeN, and SiN. The diagrams are only illustrative and are not in
scale. The energy states of the solid hosts are denoted by their valence and
conduction bands (VB and CB, respectively), and their tail and defect states
are represented by short horizontal lines. The optical transitions taking place
in the Sm3þ and Sm2þ ions are indicated by downward vertical arrows. The
following also applies: h (488.0 nm photon excitation), E (energy transfer
from the host to the ion), BT (back-transfer process).
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the Sm3þ/Sm2þ ions experience. Such behavior has been an-
alyzed in terms of the most probable short-range order pres-
ent in AlN, BeN, GeN, and SiN hosts, as well as by a
detailed investigation of the excitation-recombination proc-
esses involved. According to the experimental results, the
temperature-induced PL quenching experienced by the
Sm-doped AlN, BeN, and SiN is comparable due to the pres-
ence of bandgap states that favor the energy migration by the
back-transfer process. The characteristic electronic states of
the GeN host, as well as the presence of Ge crystallites, are
proposed to be at the origin of the outstanding Sm-related
light emission exhibited by the GeN samples. Finally, taking
into consideration the main characteristics of AlN, BeN,
GeN, and SiN (wide bandgap, high resistance to temperature
and to chemical hostile environments, etc.), the present ex-
perimental results point out their potential acting as solid
hosts for efficient RE-doped-based luminescent materials.
Indeed, the suitable RE-nitride combination can provide
spectrally sharp and temperature-independent light sources
operating in the UV-VIS-IR energy range.
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